: Subcellular localization of biosensors. (A) The cytosolic probes demonstrate nucleocytoplasmic localization. Imaging of salivary glands from third instar larvae reveals a reticular pattern that is typical for the cytosolic space of late L3 stage salivary gland epithelial cells. It is caused by densely packed mucin-containing granules occupying most of the cytoplasmic space, thus giving it a reticular appearance. Nuclei are counterstained with red-fluorescent To-Pro-3. Scale bars: 100 µM. Representative images of tissues expressing either cyto-Grx1-roGFP2 (A) or mito-roGFP2-Grx1 (B): fat tissue, hemocytes and muscles, Malpighian tubules and gut. Left panels: 405 nm/488 nm ratio; middle panels: 488 nm excitation single channel; right panels: transmitted light (TL). Scale bars: 300 µM. Anterior adipose tissue in feeding (C, D) and wandering larvae (C', D') was imaged for cytosolic (C, C') and mitochondrial H 2 O 2 responses (D, D'). Fat tissue is indicated by arrows. Upper left panels: 405 nm/488 nm ratio, lower panels: 405 nm and 488 nm excitation single channels; upper right panels: transmitted light (TL). Scale bars: 120 µM. (E) Quantification using 3 wandering and 3 feeding larvae per sensor. Boxes: lower/upper quartile. * p < 0.05, ** p < 0.01. 
Supplemental Experimental Procedures

Cloning of biosensor constructs
Constructs for the in vivo inducible expression of redox biosensors were generated by cloning cyto-Grx1-roGFP2, mito-roGFP2-Grx1, cyto-roGFP2-Orp and mito-roGFP2-Orp into pUAST. For stable ubiquitous expression of these biosensors, the open reading frames were cloned into the pCasPeR4 vector containing an alphaTub84B promoter and SV40 polyA ('pCasPeR4:Tub'). Full sequences are available upon demand. pUAST-cyto-Grx1-roGFP2: The roGFP2-Grx1 coding sequence was amplified from pLPCX-Grx1-roGFP2 (Gutscher et al., 2008 ) (forward primer: 5'-CCCTCTAGAAGATCT-3'; reverse primer: 5'-CCCGGTACCTTACTTGTACAGCTCGTC-3') and inserted into pUAST using BglII and KpnI.
pUAST-mito-roGFP2-Grx1: The mito-Grx1-roGFP2 coding sequence was amplified from pLPCX-mito-Grx1-roGFP2 (Gutscher et al., 2008) reverse primer 5'-CCCGGTACCCTGCAGAGCTCCAATCT-3'). Grx1-roGFP2 in pBIND was exchanged for roGFP2-Grx1 using BamHI and KpnI. The resulting COX8-roGFP2-Grx1 coding sequence was then transfered to pUAST using BglII and KpnI. pCasPeR-cyto-Grx1-roGFP2: the cyto-Grx1-roGFP2 coding sequence was amplified from pUAST-cyto-Grx1-roGFP2 (forward primer: 5'-CCCGCGGCCGCATGGCTCAAGAGTTTGTG-3'; reverse primer: 5'-CCCTCTAGA TTACTTGTACAGCTCGTC-3'). The sequence was inserted into pCasPeR4:Tub using NotI and XbaI. pCasPeR-mito-roGFP2-Grx1:
the coding sequence of mito-roGFP2-Grx1 was amplified from pUAST-mito-roGFP2-roGrx1. (forward primer: 5'-CCC GCGGCCGCATGTCCGTCCTGACGC-3'; reverse primer: 5'-CCCTCTAGA CTGCAGAGCTCCAATCT-3'). The sequence was inserted into pCasPeR4:Tub using NotI and XbaI.
PCasPeR-cyto-roGFP2-Orp1: The roGFP2-Orp1 coding sequence was amplified from pLPCX-roGFP2-Orp1 (Gutscher et al., 2009 ) (forward primer: 5'-CCCGCGGCCGCATGGTGAGCAAGGGCG-3'; reverse primer: 5'-CCCCTCGAG CTATTCCACCTCTTTCAAA-3') and inserted into pCasPeR4:Tub using NotI and XhoI. pCasPeR-mito-roGFP2-Orp1: The roGFP2-Orp1 coding sequence was amplified from pCasPeR-cyto-roGFP2-Orp1 (forward primer: 5'-CCCGGATCCGTGAGCAAGGGCGAG-3'; reverse primer: 5'-CCCTCTAGA CTATTCCACCTCTTTCAAA-3'). RoGFP2-Orp1 was exchanged for roGFP2-Grx1 in pCasPeRmito-roGFP2-Grx1 by using BamHI and XbaI.
Technical information relating to roGFP2-based redox probes
pH-insensitivity of the fluorescence ratio
The ratiometric probe response is considered pH-independent because ambient pH does not significantly influence the measured fluorescence ratio (405 nm/488 nm) in the physiologically relevant pH range between 5.5 and 8.5. Thus, pH alterations within the physiological range are not expected to cause roGFP2 responses that could be mistaken for redox changes. The pH independency of the roGFP2 fluorescence ratio 405 nm/488 nm was initially documented by James
Remington (United States Patent No. US 7,015,310 B2, Mar. 21, 2006) , and was subsequently confirmed by others (Schwarzlander et al., 2008) . The pH-stability of the fluorescent ratio is a basic feature of roGFP2 and therefore also applies to the fusion proteins. This was also shown experimentally (Gutscher et al., 2008 ) (see Supplementary Figure 2 therein). pH-insensitivity of the fluorescence ratio distinguishes roGFP2 from ratiometric redox probes based on cpYFP: e.g. cpYFP itself, claimed to be a ratiometric probe for superoxide (Wang et al., 2008) , and HyPer which is a ratiometric probe for hydrogen peroxide based on cpYFP (Belousov et al., 2006) . It has been found that the cpYFP fluorescence ratio responds sensitively to pH (Schwarzlander et al., 2011) . The pH sensitivity of the HyPer fluorescence ratio has also been reported ( Supplementary Figure 1 of Belousov et al., 2006) . In fact, a HyPer mutant with inactivated H 2 O 2 -sensing domain (C199S) is now used as a ratiometric pH probe (named 'synthetic pH sensor' = SypHer) (Poburko et al., 2011) .
Another pH-related aspect is the fact that a pH change always entails a shift of thiol-disulfide equilibria. Ratiometric probes that do not directly respond to ambient pH (as described above), may nevertheless sense redox changes that are caused by a pH change (e.g. a shift in the thiol-disulfide equilibrium of GSSG/GSH). However, both theoretical considerations and experiments show that roGFPs do not respond to pH-induced shifts of thiol-disulfide equilibria, because the mid-point potential of the roGFP2 thiol-disulfide redox pair shifts in concert with the mid-point potential of the equilibrating thiol-disulfide redox pair (Meyer and Dick, 2010) .
Finally, pH changes are expected to influence the kinetics of disulfide exchange. Generally a higher pH will favor thiol deprotonation, and therefore reactivity. For roGFPs these kinetic differences only appear to be relevant on very short time scales (Schwarzlander et al., 2008) and are not expected to play a significant role for the organismal mapping of redox differences and changes.
In practice, for the measurement of fluorescence ratios and for the determination of the degree of oxidation (OxD), pH is neither expected to cause artifacts nor does it enter into calculations.
Nevertheless, to calculate absolute E GSH values from OxD requires the Nernst equation and thus needs a pH correction term should there be a deviation from standard conditions. Our recent review (Meyer and Dick, 2010) covers these and other probe related considerations in more detail.
Oxidation and reduction of the Orp1-based redox probe (Gutscher et al., 2009 ). This suggests that reductive systems may only become effective in reducing roGFP2-Orp1 when H 2 O 2 levels fall below a certain (low) threshold. Reduction of roGFP2-Orp1 takes place within minutes after a H 2 O 2 bolus has been metabolized, and the kinetics of reduction is similar to the HyPer probe (compare Figure 5B in Gutscher et al., 2009) , which is thought to be reduced by glutathione (Meyer and Dick, 2010) . However, a role for the thioredoxin system is possible as well, as in yeast the Orp1 disulfide bond is known to be susceptible to reduction by thioredoxin.
